The Effects ofAntioxidants on Enzyme Induction in Developing and Ageing Rats Several antioxidants have been shown to prolong the lifespan of experimental animals when administered at high dietary dose levels. These include butylated hydroxytoluene (BHT) (Harman 1968), nordihydroguaiaretic acid (NDGA) (Buu-Hoi & Ratsimamanga 1959 ) and ethoxyquin (Comfort et al. 1971 ). Comfort et al. (1971 suggested that the observed prolongevity may be related to the ability of these compounds to induce the activity of hepatic enzymes responsible for detoxication of anutrients.
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We have examined the effects of NDGA and ethoxyquin on some hepatic microsomal enzymes during 60 days of post-weaning development in the rat and, in a long-term study with ethoxyquin up to 455 days of age, we have investigated how these basal enzyme levels and the capacity to induce them change with age. As induction involved both liver enlargement and increase in enzyme concentrations, results were calculated relative to body weight.
In control rats the relative liver weight increased on weaning, reaching a peak at 40-50 days of age and then declining to below neonatal levels by 440 days. Hepatic microsomal protein and cytochromes P450 and b5 also reached a maximum, relative to body weight, at 40-50 days, falling to mature levels intermediate between those at weaning and the maximum. There was subsequently little change in these parameters between 80 and 440 days. In contrast, the relative activities of the enzymes biphenyl-4-hydroxylase and ethylmorphine-N-demethylase declined steadily with age after a post-weaning peak, the former falling to one-quarter its maximal value by the 80th day and one-sixth by the 440th day. The decline was due to a fall both in relative liver weight and in specific enzyme activity.
In test animals receiving dietary levels of 0.5 % antioxidant from weaning at 21 days for a further 60 days, both NDGA and ethoxyquin caused an increase in relative liver weight, in the amount of microsomal protein, cytochromes P-450 and b5, and in the activity of biphenyl-4-hydroxylase, with ethoxyquin having a more marked and rapid effect than NDGA. The specific activity of ethylmorphine-N-demethylase was not significantly increased but, due to the increase in relative liver weight, the total activity was elevated. The peak of induction occurred at a similar time to the peak in basal enzyme levels and as basal activity fell with age, so did the capacity for induction. During the period from 81 to 440 days, the microsomal protein remained at about double the control level while in contrast the induced levels of cytochromes P450 and b5 continued to fall, the decline being most marked with cytochrome P-450. Induced levels of biphenyl-4-hydroxylase and ethylmorphine-N-demethylase also fell slowly over this period and in the former case the induced activity was still lower than that observed in untreated weanlings.
The extent of induction at 455 days of age was similar in animals exposed to ethoxyquin from 40 days and 365 days of age, and there seemed no advantage in prolonged exposure as far as induction of these enzymes was concerned.
It appears that induction of microsomal protein synthesis remains undiminished with age after reaching maturity but the ability to induce cytochromes P450 and b5 is impaired. The basal level of and ability to induce biphenyl-4-hydroxylase activity were very age dependent, the particularly rapid fall on maturation possibly being due to the production of an endogenous inhibitor. n-Propyl gallate, an antioxidant which does not prolong lifespan, did not induce hepatic drug metabolizing enzyme activity.
The fact that both the life-prolonging antioxidants studied are potent hepatic microsomal enzyme inducers, while n-propyl gallate is not, supports the suggestion (Comfort et al. 1971 ) that prolongevity relates to the increased ability to detoxicate environmental chemicals. The dramatic fall in the activity and inducibility of the drugmetabolizing enzymes with age underlines the fact that the toxicity of a drug may increase with age with obvious consequences in geriatric chemotherapy.
